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Description of the Invention 

1. Title of invention 

Method of producing trioxane. 

2 . Scope of claims 

1. In a method of producing trioxane from an aqueous 
formaldehyde solution, a method of producing trioxane that is 
characterized in that an aqueous formaldehyde solution with a 
concentration of 35% to 85% by weight is supplied to a 
distillation column, said solution is extracted from the lower 
part or bottom of said distillation column and is led into a 
reactor containing an acid catalyst, and said aqueous 
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formaldehyde solution that is rich in trioxane is recirculated 
through the middle stage of a trioxane distillation column. 
3 . Detailed description of the invention 
Field of Industrial Application 

The present invention relates to a method of producing 
trioxane using formaldehyde as the raw material. 
Prior Art 

Trioxane is produced by heating formaldehyde in the presence 
of an acid catalyst, because this reaction is an equilibrium 
reaction, the trioxane produced must be removed from the reaction 
system in order for the reaction to progress. 

On the other hand, since in a gas-liquid equilibrium, trioxane 
is enriched in the gaseous phase, generally, the conventional 
method used to produce pure trioxane is to distill an aqueous 
formaldehyde solution with a concentration of 3 0% to 70% by 
weight, and after a distilled solution comprising 20% to 55% 
trioxane by weight, 17% to 35% formaldehyde by weight, and 20% to 
50% water by weight has been obtained, to extract the distilled 
solution using a solvent insoluble or barely soluble in water, 
and to rectify the distilled solution to separate the trioxane. 
(Tokkou S41-006344) 

Problem to Be Solved by the Invention 

However, these methods have the following disadvantages. That 
is, 
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1) The reaction that produces trioxane from formaldehyde is an 
equilibrium reaction. The concentration of trioxane in the 
reaction solution increases as the concentration of formaldehyde 
increases, but because of problems, such as cracking of the 
formaldehyde, the concentration of trioxane in the reaction 
solution at equilibrium is usually several percent or less. 

- 781 - 
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For this reason, trioxane is extracted from the reaction system 
as a vapor to increase the efficiency of trioxane synthesis, but 
a very large amount of energy is required to produce the 
trioxane . 

2) When a homogeneous catalyst, such as sulfuric acid, is used as 
the catalyst, generally, heating and evaporation is conducted 
simultaneously with causing a reaction at the bottom of the 
distillation column. For this reason, the temperature of the 
catalyst must be raised to an extremely high degree in order for 
the concentration of trioxane in the reaction solution to 
approach equilibrium and this causes problems such as material 
corrosion, etc. 

3) When a solid acid catalyst is used, solution from the reactor 
is returned to the bottom of the distillation column and is 
passed through a reboiler, and the trioxane is extracted as a 
vapor. For this reason, a large amount of the catalyst is needed 
or the concentration of trioxane in the reaction solution to 
"approach equilibrium and the volume of aqueous formaldehyde 
solution circulated through the catalyst replenishment bath must 
be large, so the loss of pressure in the reactor is large. In 
addition, when the concentration of the formaldehyde becomes 
large, it is easy for the reactor to become blocked as a result 
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of paraformaldehyde cracking. 

An object off the present invention is to provide a method of 
producing trioxane that overcomes these disadvantages and that 
has good efficiency. 
Means of Solving the Problem 

The present invention is characterized in that, in a method of 
producing trioxane from an aqueous formaldehyde solution, an 
aqueous formaldehyde solution with a concentration of 35% to 85% 
by weight is supplied to a distillation column, said solution is 
extracted from the lower part or bottom of said distillation 
column and is led into a reactor containing an acid catalyst, and 
said aqueous formaldehyde solution that is rich in trioxane is 
recycled through the middle stage of a trioxane distillation 
column . 

In the present invention, a solution drawn from the lower part 
or bottom of a distillation column is led to a reactor and the 
solution obtained from the reactor is recirculated to the middle 
stage of the distillation column. Thus, the reaction solution 
that has a high concentration of trioxane is supplied from the 
outlet of the reactor to the middle stage of the distillation 
column and is vaporized in the lower part of the distillation 
column by vapor from the bottom of the distillation column. For 
this reason, the composition of the vapor at the recirculation 
solution supply stage of the reactor is not affected by the 
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solution composition at the bottom of the distillation column as 
a result of a sufficient number of stages between the bottom of 
the distillation column and the recirculation solution supply 
stage of the reactor, and the concentration of trioxane in the 
vapor can be made higher. That is, it is possible to obtain a 
vapor composition of trioxane extracted from the reaction 
solution that is in equilibrium with the solution at the reactor 
outlet that has a high concentration of trioxane. Accordingly, 
with the present invention, it is possible to greatly reduce the 
amount of energy needed to synthesize trioxane. 

Moreover, in the present invention, the composition of the gas 
vaporized from the reaction solution is little affected by the 
composition of. the solution at the bottom of the distillation 
column and it is possible to obtain a high difference in 
concentration in the trioxane in the reactor. Accordingly, in the 
case of a homogeneous catalyst system, the concentration off the 
catalyst can be reduced increasing the retention time in the 
reactor and this is advantageous against corrosion. In addition, 
when a solid acid catalyst is used, it is not necessary to have a 
large circulating volume in the reactor as in methods according 
to the prior art. For this reason, the loss of pressure in the 
reactor can be made small. In contrast with this, when the 
reaction mixture solution is circulated to the bottom of the 
distillation column, efficiency is poor unless the reactor 
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circulating volume is made as large as possible and the loss of 
pressure in the reactor becomes extremely large. 

As explained above, the method according to the present 
invention has the following practical advantages: 

1) Productivity is high and the amount of energy needed for 
production is small, 

2) The catalyst concentration of volume of catalyst can be 
reduced, and 

3) When a solid acid catalyst is used, the loss of pressure in 
the reactor is low, etc. 

In the present invention, the concentration of the aqueous 
formaldehyde solution is 30% to 85% by weight, preferably 60% to 
75% by weight, and the efficiency of trioxane synthesis improves 
as the concentration of formaldehyde increases, but as the 
formaldehyde concentration increases, operation of the apparatus 
becomes difficult because of paraformaldehyde cracking. 
For the acid catalyst used in the present invention, a mineral 
acid, such as sulfuric acid, phosphoric acid, boric acid, etc., 
or an organic acid, such as p-toluene sulfonic acid, 1,5- 
naphthalene disulphonic acid, etc., may be used, but the use of a 
solid inorganic or organic acid catalyst is .preferred. 
For the solid inorganic acid catalyst, an inorganic oxide 
complex, such as acid clay, hydrogenated clay, silica, alumina, 
silica-magnesium, alumina-boria, etc.; these materials 
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impregnated or mixed with sulfuric acid, phosphoric acid, boric 
acid, etc.; inorganic acid salts, such as sulfuric acid salts, 
phosphoric acid salts, boric acid salts, etc., of metals such as 
nickel, iron, cadmium, potassium, etc.; these materials 
impregnated in silica gel, diatomaceous soil, silicon carbide, 
etc.; montmorillonite (Type H) , Ti -montmorillonite , etc., may be 
used. 
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Examples of the solid organic acid catalyst are ion exchange 
resins that have an sulfonic acid base, fluoroalkane sulfonic 
acid base, etc. 

The amount of these catalysts used is not especially limited, 
but normally, there is a tendency for byproducts to increase as 
the amount of catalyst increases. The retention time in the 
reactor is set to a time that provides a composition in which the 
trioxane concentration in the reactor supply stage is close to 
the equilibrium concentration; usually a retention time of 2 to 
2.5 seconds is preferred. 

The distillation column used in the present invention may be a 
tray tower type, such as a single-stage bubble cap type, sieve 
tray type, flexitray type, etc., or a packed column type, such as 
a Raschig ring type, McMahon type, etc. 

Next, the present invention is explained with reference to the 
drawing . 

Figure 1 is a flow sheet that shows one state of the present 
invention. An aqueous formaldehyde solution is supplied through a 
flow pathway 1 to a distillation column 2. A solution rich in 
formaldehyde drawn from the bottom of the distillation column 2 
is partially vaporized by an evaporator 4 and a portion is 
returned through a flow pathway 3 to the bottom the of the 
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distillation column 2, while the remainder is simultaneously 
supplied through a flow pathway 5 to a reactor 6 where it is 
brought into contact with a catalyst and is then supplied through 
a flow pathway 7 to the middle part of the distillation column 2. 

A vapor obtained from the top part of the column is led 
through a flow pathway 8 to a condenser 9. A portion of the 
condensed liquid is extracted externally through a flow pathway 
11 and the remainder is recirculated through a flow pathway 10 to 
the distillation column 2. 

The positions of the raw material supply stage and the 
reactor-circulated solution supply stage are not especially 
limited, but should be decided appropriately from the composition 
of the supplied solution and the expected solution composition at 
each stage in the distillation column. 
Embodiments 

Next, the present invention is explained concretely using an 
embodiment, but the present invention is not limited by this 
embodiment. Percentages shown in the embodiment and comparative 
example represent percent by weight. 
Embodiment 1 

Trioxane was produced using an apparatus as shown in Fig. 1. 

For the distillation' column 2, a forty-stage sieve tray column 
with an internal diameter of 3 0 mm was used. The reactor 6 was 
filled with 12 0 mL of a strongly acidic ion exchange resin as a 
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catalyst, and the solution exiting the reactor was circulated to 
the twenty-fifth stage from the top of the distillation column. 
An aqueous formaldehyde solution with a concentration of 64.8% 
was supplied to reactor inlet at a rate of 56.0 g/hr and was 
heated by steam in the evaporator 4. The solution volume 
circulating through the reactor at this time was 1.4 L/hr, and 
the composition of the solution at the bottom of the distillation 
column when steady state operation was reached was 68.3% 
formaldehyde and 2.7% trioxane. On the other hand, the vapor 
obtained from pathway 8 was condensed by a cooling apparatus 9 
and an amount corresponding to the volume of raw material 
supplied was extracted externally through the flow pathway 11 and 
the remainder was circulated to the interior of the column 
through the flow pathway 10. the concentration of trioxane in the 
solution extracted from flow pathway 11 at steady state operation 
was 45.7%, and the conversion rate of formaldehyde to trioxane 
was 70.4%. Moreover, the steam used to heat the evaporator at the 
bottom of the distillation column was 5.9 g per gram of trioxane. 
From these results, a major improvement in conversion efficiency 
and amount of energy used can be seen compared to the comparative 
example below. 
Comparative Example 1 

The reactor outlet path 7 in Fig. 1 circulated to the bottom 
of the distillation column 2, and the circulated solution volume 
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was set at 2.8 L/hr. The temperature of the evaporator 4 was 
raised until the volume of vapor from the evaporator was the same 
as in Embodiment 1, and the amount of raw material supplied was 
adjusted until the formaldehyde concentration at the bottom of 
the distillation column was the same as in Embodiment 1. 
Conditions other than the aforementioned were set the same as in 
Embodiment 1 and trioxane production was conducted. The 
composition of the solution at the bottom of the distillation 
column at steady state operation was 68.4% formaldehyde and 3.2% 
trioxane. In addition, the volume of raw material supplied at 
this time was 50.9 g/hr. The trioxane concentration in the 
solution extracted from flow pathway 11 was 33.1%. 

The conversion rate of trioxane at steady state operation was 
51.1%, and the steam used to heat the evaporator at the bottom of 
the distillation column was 8.9 g per gram of trioxane. 
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Effect of the Invention 

The present invention has the following practical 
advantages : 

1) Productivity is high and the amount of energy needed for 
production is small, 

2) The catalyst concentration of volume of catalyst can be 
reduced, and 

3) When a solid acid catalyst is used, the loss of pressure in 
the reactor is low, etc. 

Brief Description of the Drawings 

Figure 1 is a flow sheet showing an embodiment of the present 
invention. Here, 2 is a distillation column, 4 is an evaporator, 
6 is a reactor, and 9 is a condenser. 

Fig. 1 
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